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HIGH STRENGTH STEEL PLATE AND METHOD 
FOR MANUFACTURING SAME 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
This invention relates to a high strength steel plate 

which is low in yield ratio and improved in strength 
elongation balance as well as in stretch ?angeability, 
and a method for manufacturing same. The high 
strength steel plate of the present invention is particu 
larly suitable for use as a material for the wheel disc 
and/or wheel rim of a motor vehicle. 

(2) Description of the Prior Art 
Recently, various attempts are made in order to im 

prove the mileage of motor vehicles, including the re 
duction of the vehicle body weight which is considered 
to be most effective. With regard to the reduction of the 
vehicle body weight, there have thus far been made 
many proposals concerning the use of high strength 
steel plates and aluminum alloys along with the reduc 
tions in size. Among these proposals, the reduction of 
the vehicle wheel weight is one of the most effective 
means for improving the mileage, and the possibilities of 
application of a high strength steel plate to the wheel 
rim or disc have been a subject of intensive studies. The 
high strength steel plates which have been proposed for 
this purpose include the composite structure steel plate 
(dual phase steel plate of ferrite+martensite, which is 
low in yield ratio and has higher elongation as com 
pared with the strength, showing excellent properties in 
formability and shape ?xability. However, the steel 
plate of this sort is inferior in stretch ?angeability so 
that, if applied to the vehicular wheel disc or the like, it 
gives rise to problems such as: 

(l) the occurrence of cracking at an expanded hole 
portion in the disc forming operation; or 

(2) the occurrence of cracking at an expanded hole 
portion in the fatigue test or in the running test. 

The present inventors have studied in detail the rela 
tionship between the steel structure and stretch flangea 
bility for the improvement thereof, and as a result found 
that a steel plate of a ferrite+bainite structure is supe 
rior to a dual phase steel plate of ferrite+martensite in 
the stretch ?angeability, as disclosed in our Japanese 
Patent Application Nos. 54-171594 and 55-33155. How 
ever, the steel plate of the ferrite +bainite structure has 
a drawback that it is inferior in the strength-elongation 
balance. 

Further, the wheel rim requires the resistance weld 
ability in addition to the stretch flangeability which is 
required by the wheel disc. Another problem which is 
encountered in applying a high strength steel plate to 
the wheel rim is the cracking which takes place at a 
high rate in the roll-forming operation subsequent to the 
?ash butt welding, the cracks occurring at a rate as high 
as about 50% in the thermally affected zones in the 
forming stage. Such a high rate of cracking is detrimen 
tal to actual applications. 

SUMMARY OF THE INVENTION 

The present invention aims at rational elimination of 
the above-mentioned drawbacks and problems of the 
prior art. More speci?cally, it is a primary object of the 
present invention to provide a high strength steel plate 
which has a low yield ratio and good strength-elonga 
tion balance characteristic to the dual phase steel plate 
of ferrite+martensite along with the excellent stretch 
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2 
flangeability comparable to that of the ferrite +bainite 
steel, and a method for manufacturing such high 
strength steel plates. 

It is another object of the present invention to pro 
vide a high strength steel plate which, besides the 
above-mentioned properties, possesses excellent resis~ 
tance weldability, and a method for manufacturing 
same. 

Still another object of the present invention is to 
provide a high strength steel plate which is particularly 
suitable for use as a material for wheel discs and/or 
wheel rims of motor vehicles, and a method for manu 
facturing same. 
According to one aspect of the present invention, the 

above-mentioned objects are achieved by a high 
strength steel plate which has low yield ratio and excel 
lent strength-elongation balance and stretch flangeabil 
ity, the steel plate containing 0.01—0.2% of C, 03-25% 
of Mn and 0.0l-l.8% of Si and having a tripple phase 
structure of polygonal ferrite, bainite and martensite 
with a bainite areal ratio of 4-45% and a martensite 
areal ratio of l-l5%, the bainite areal rate being greater 
than the martensite areal rate. 
According to another aspect of the present invention, 

there is provided a method for producing a high 
strength steel plate as stated above, which method com 
prising: 

(1) subjecting a steel containing 0.0l-0.2% of C, 
03-25% of Mn and 0.0l—l.8% of Si to a hot rolling 
cooling treatment selected from the group consisting of; 

(i) hot rolling the steel at a ?ninshing rolling tempera 
ture above An point, followed by cooling the hot 
rolled steel from the ?nishing rolling temperature 
to a temperature range between point Am and 
point An at an average cooling speed of 3°—70° 
C./sec, 

(ii) hot rolling the steel at a ?nishing rolling tempera 
ture above An point, followed by cooling the hot 
rolled steel from the ?nishing rolling temperature 
to a temperature range between point An and 
point An at an average cooling speed of 3°-70° 
C./sec and then by air cooling ar slow cooling for 
2-20 seconds from the temperature range of Ar; to 
An, and 

(iii) hot rolling the steel at a finishing rolling tempera 
ture range of Ar3'to Ar1, followed by air cooling or , 
slow cooling the hot rolled steel for 2-20 seconds 
from the temperature range of Ar; to An, thereaf 
ter 

(2) cooling the steel thus subjected to hot rolling 
cooling treatment to a temperature below 550° C. 
at an average cooling speed not lower than 20° 
‘C./sec, and 

(3) taking up the cooled steel. 
Further embodiments of the present invention will 

become apparent from the particular description of the 
invention which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and 
many of the attendant advantages thereof will be 
readily attained as the same becomes better understood 
by reference to the following detailed description when 
taken in conjunction with the accompanying drawings, 
in which: 
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FIG. 1 is a diagram showing the relationship between 
tensile strength and total elongation and the relationship 
(between tensile strength and yield stress; 

FIG. 2 is a diagram showing the relationship between 
tensile strength and hole expanding limit; 
FIG. 3 is a diagram showing the relationship between 

martensite area rate and bainite area rate; 
FIG. 4 is a diagram showing the relationship between 

the bainite area rate and yield ratio and the relationship 
between the bainite area rate and the hole expanding 
limit; 
FIG. 5 is a diagram showing the relationship between 

the martensite area rate and hole expanding limit and 
the relationship between the martensite area rate and 
the yield ratio; 
FIG. 6 is a diagram showing' the relationship between 

the average diameter of martensite particle size and the 
hole expanding limit; 
FIG. 7 is a diagram showing the hardness distribution 

in a weld portion after ?ash-butt welding; and 
FIG. 8 is a diagram conceptionally showing the 

method of the present invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The term “bainite” as used in the present invention 
means mainly the bainitic ferrite but includes the bainite 
which partly contains the so-called accicular ferrite or a 
a carbide. The term “martensite” also includes partly 
retained austenite. 

It is important in the present invention that the com 
posite structure consists of tripple phases of polygonal 
ferrite, bainite and martensite. More particularly, as 
known from FIG. 1 depicting an embodiment which 
will be described hereinlater, the yield ratio is minimum 
with the ferrite+martensite steel and maximum with 
the ferrite+bainite steel. The yield ratio is lowered as 
the polygonal ferrite is introduced into the ferrite+bai 
nite steel, and it is further lowered to a value compara 
ble to that of the ferrite+martensite steel when a small 
amount of martensite is introduced to for a tripple-phase 
structure of polygonal ferrite+bainite+martensite. 

Similarly to the yield ratio, the tripple-phase steel of 
polygonal ferrite+bainite+martensite shows a good 
balance of strength-elongation which is akin to the 
value of the ferrite+martensite steel, as shown in FIG. 
1. 
With regard to the hole expansibility (the index of the 

flanging extensibility), the steel of ferrite+martensite is 
the worst and the ferrite+bainite steel is the best as 
shown in FIG. 2. On the other hand, the tripple-phase 
steel of polygonal ferrite +bainite+martensite shows a 
high value of hole expansibility approximate to the 
value of the ferrite+bainite steel. 
Turning now to the fatigue strength, the tripple-phase 

steel of polygonal ferrite +bainite+martensite shows a 
value similar to the ferrite+bainite steel and is superior 
to the ferrite+martensite steel. 
As known from the foregoing date, the tripple-phase 

steel of polygonal ferrite+bainite+martensite simulta 
neously possesses only the advantages of the ferrite+ 
martensite steel and the ferrite bainite steel, and is excel 
lent in all of the properties of the strength-elongation 
balance, stretch ?angeability and fatigue strength. 

It is also known from these examples that, in the 
tripple-phase steel structure according to the present 
invention, the area ratio of bainite should be in the range 
of 4-45% since a rate over 45% results in a drop in the 
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4 
effect of lowering the yield ratio due to introduction of 
martensite and a rate below 4% makes no difference 
from the ferrite+martensite steel. The area ratio of 
bainite is preferred to be in the range of 6-35%. 
More particularly, referring to FIG. 4 which shows 

the relationship between the bainite area ratio and the 
yield ratio and the relationship between the bainite area 
ratio and the hole expansibility which is the index of the 
stretch ?angeability, plotting the pattern III of Example 
4 (denoted by mark “A”) and Example 5 (denoted by 
mark “O”) which will be described hereinlater. A mate 
rial for the wheel disc and/or wheel rim of the motor 
vehicle is required to have a stretch ?angeability higher 
than 150%, preferably higher than 160% in the forming 
stage, with a yield ratio lower than 0.7 and preferably 
lower than 0.6. As clear from the experimental data of 
FIG. 4, intensive studies conducted by the present in 
ventors revealed the value of the bainite area ratio suit 
able for the yield ratio and the stretch ?angeability 
which are required for the material to be used for the 
vehicular wheel disc and/or wheel rim. According to 
FIG. 4, the bainite area ratio should be in the range of 
445%. 
FIG. 5 plots the relationship between the martensite 

area rate and the stretch ?angeability and the relation 
ship between the martensite area rate and the yield ratio 
in the specimens 46, 47 and 53 to 57 which will be ex 
plained hereinlater. Similarly to the bainite area ratio 
mentioned above, the martensite area rate should be 
held in the range of 1—l5%. As clear from FIG. 5, the 
yield ratio is increased if the martensite area rate ex 
ceeds 15% and it becomes dif?cult to attain hole expan 
sibility greater than 150%. On the contrary, with a 
martensite area ratio smaller than 1%, the effect of 
martensite introduction becomes smaller. The martens 
ite area rate should be in the range which guarantees a 
hole expansibility over 160% and a yield ratio below 
0.6, namely, in the range of l—10%. 
As seen in FIG. 3 which plots the correlation be 

tween the martensite area ratio and the bainite area ratio 
in relation with the hole expansibility, more particu 
larly, the pattern III of Example 4 (denoted by mark 
“A”) and Example 5 (denoted by mark “O”) which will 
appear hereinlater, the bainite area ratio in the tripple 
phase steel structure according to the present invention 
should be greater than the martensite area ratio in order 
to secure hole expansibility greater than 150%, in addi 
tion to the above-de?ned conditions that the bainite and 
martensite area ratios should be respectively in the 
ranges of 4-45% and l-15%. The range which satis?es 
these conditions is indicated by hatching in FIG. 3. 
FIG. 6 is a plot of the relationship between the parti 

cle size of the martensite and the hole expansibility, 
more particularly, a plot of the results of experiments of 
Table 20 using the composite steel structures of Table 
19. The hole expansibility is also dependent on the aver 
age diameter of the martensite as shown in FIG. 6. 
More speci?cally, this ?gure shows that the hole expan 
sibility is further improved by making the martensite 
?ner even if the area ratios of the bainite and martensite 
are in the above-de?ned ranges, namely, that the hole 
expansibility becomes greater than 150% when the 
average particle size of the martensite is smaller than 6 
microns. The hole expansibility is further improved as 
the grain size is reduced to a value smaller than 5 mi 
crons and improved in a greater degree with a value 
smaller than 4 microns. 
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It will be appreciated from the foregoing description 
that, with the tripple-phase steel structure according to 
the present invention, it is possible to guarantee a low 
yield ratio along with excellent strength-elongation 
balance and stretch ?angeability by controlling the area 
rates of the bainite and martensite, and that the stretch 
?angeability can be further enhanced by making the 
martensite ?ner. 
As already stated hereinbefore, one problem which is 

encountered when applying a steel plate to a vehicular 
wheel rim is the softening of the thermally in?uenced 
portions after the ?ash-butt welding, which occurs con~ 
spicuously degree in the ferrite+martensite steel as a 
result of decomposition of the martensite, the thermally 
in?uenced portions giving rise to cracks in the subse 
quent roll-forming stage in such a degree as to make the 
application of the ferrite+martensite steel utterly diffi 
cult. The softening of the thermally in?uenced portion, 
however, is not observed in the steel of the bainite struc 
ture, and the problem of cracking in the cold-rolling 
(roll-forming) subsequent to the welding operation is 
precluded, as proposed in the above-mentioned prior 
application (Japanese Patent Application No. 
54-171594). In order to overcome the drawback of the 
ferrite+bainite structure steel, the present inventors 
conducted a comprehensive study varying the propor 
tions of the ferrite+bainite+martensite structures in 
relation with the chemical components involved. As a 
result, it has been found that, as shown in FIG. 7, the 
steel of ferrite+martensite structure has an excellent 
softening resistance similarly to the ferrite+bainite 
structure steel, even in the case of spot welding. It has 
also been revealed that a slightly softened state can be 
established by letting a stable precipitant like NbC or 
the like exist in the thermally affected zone or more 
positively leaving Nb in solid solution of after the hot 
rolling for precipitating same in the thermally affected 
zone, thereby preventing the initiation of cracking from 
the thermally in?uenced portion in the succeeding roll 
forming operation. 
The adjustment of the steel structure is attained by 

controlling the cooling condition during and after the 
hot-rolling or by further controlling the annealing con 
ditions either (either continuous or batch annealing) in 
the subsequent stage, in connection with the chemical 
components which are discussed hereinafter. 
The limitations of the respective chemical compo 

nents in the present invention are based on the follow 
ing reasons. 
The component C is an element which is essential for 

maintaining the required strength and for forming the 
low temperature transformation products like bainite 
and martensite but its content should be limited since a 
C-content in excess of 0.2% will cause a considerable 
deterioration in ductility and impair the weldability 
(giving rise to a drop in hardness of butt faces due to 
decarburization in the butt welding, resulting in a large 
difference in hardness between the weld line and the 
adjacent portions). In a case where forming workability 
is required in particular, its content should desirably be 
less than 0.09%. The lower limit of the C-content 
should be 0.01 in order to secure the effects of strength 
ening the structure and enhancing the hardenability. 
The element Mn is necessary for improving the hard 

enability and obtaining the desired structure. The im 
provement in hardenability also contributes to the in 
crease of strength and to the enhancement of mechani 
cal properties by stabilizing the 'y-phase during the 7-11 

15 

20 

25 

30 

35 

45 

55 

60 

65 

6 
transformation ('y=austenite, a=ferrite) after the hot 
rolling. In order to secure these effects, its content 
should be 0.3% or more. However, with a Mn content 
in excess of 2.5%, it causes a welding dif?culty and 
impairs the ductility (elongation and stretch flangeabil 
ity) and the weldability in addition to a substantial in 
crease of the cost of the steel plate. Therefore, the upper 
limit should be placed at 2.5%. 
The element Si which is necessary for deoxidation of 

the molten steel is also very effective as a substitutional 
solid solution hardening element. Therefore, it is essen 
tial in order to obtain a steel plate with high strength 
and ductility. Besides, it acts advantageously to the 
formation of clean polygonal ferrite. In the composite 
steel structure as of the present invention, it accelerates 
the a~transformation during the 'y-a transformation 
after hot rolling and acts to discharge the carbon in 
solid solution out of a-phase and shift into 'y-phase. 
Consequently, it enhances the cleanliness of a-phase 
and stabilizes 'y-phase by condensing carbon thereinto, 
thus facilitating the formation of a hard phase which 
contributes to the improvement of the mechanical prop 
erties. In order to produce these effects while prevent 
ing enbrittling of the weld (an increase of transition 
temperature), the lower limit of the Si content should be 
placed at 0.01%. On the other hand, its upper limit 
should be placed at 1.8% to prevent deteriorations of 
surface condition due to production of oxidation scales. 
According to the present invention, the following 

elements may be included if desired in addition to the 
above-mentioned elements. ‘ 

The elements Cr, Cu, Ni and B are useful for improv 
ing the hardenability as well as for obtaining a desired 
structure. The lower limits of their contents should be 
placed at a level which is sufficient enough for securing 
these effects, while the upper limits should be placed at 
a level where their effects are saturated and uneconomi 
cal. More speci?cally, the steel plate according to the 
present invention may contain at least one element se 
lected from the group consisting of 0.1-1.5% of Cr, 
01-06% of Cu, 0.l—l.0% of Ni and 0.0005-0.0l% of B. 
Further, the element Mo which also serves to improve 
the hardenability and produce a desired structure simi 
larly to the above-mentioned Cr, Cu, Ni and B may also 
be included in an amount of 0.01-O.2% for the same 
reasons. 

The elements Nb, V, Ti and Zr which serve to 
strengthen the precipitation are necessary not only for 
increasing the strength but also for facilitating the for 
mation of the bainite structure by imposing an in?uence 
on the transforming structure under coexistence with 
Mn or the like after hot-rolling. Further, they make the 
structure ?ner and serves to improve the stretch ?ange 
ability and to prevent drops in hardness, improving not 
only the fatigue strength of the parent plate but also the 
fatigue strength of the disc as a whole. Moreover, they 
contribute to produce the hardenability-improving ef 
fect of B to a maximum degree. In order to have these 
effects, it is necessary to include at least one element 
selected from the group consisting of 0.0l-0.l% of Nb, 
0.02~0.2% of V, 0.01-O.l% of Ti and 0.02—0.2% of Zr. 

In addition, the component Nb particularly has an 
in?uence on the transforming behaviors after the hot 
rolling and is most effective for the formation of the 
bainite structure. The elements Ti and Zr are further 
effective for controlling the shape of the sul?de which 
is harmful to the ductility, and the element V is effective 



4,501,626 
7 

for moderately hardening the center portion of the weld 
(Hvz25) as compared with that of the parent material. 
The rare earth metals (REM), Ca and Mg contribute 

to the improvement of the ductility, particularly, the 
stretch flangeability by controlling the shape of the 
sul?de. The lower limits on their contents should be 
placed at a level which is suf?cient for producing that 
effect. The lower limit is determined at a value at which 
the aimed effect becomes saturated or uneconomical or 
in consideration of the content which inversely impairs 
the cleanliness. More speci?cally, the steel plate of the 
invention may include at least one element selected 
from the group consisting of 0.005—0.l% of a REM, 
0.0005—0.01% of Ca and 0.0005—0.01% of Mg. How 
ever, it is desired that the total additive amount is not 
more than about 0.1% since an excessive additive 
amount is rather harmful to the cleanliness and lowers 
the ductility. . 

Furthermore, Al is added in an amount of 0.005—0.6% 
to serves as a deoxidizer at the melting stage. If desired, 
P may be added in a range which would not cause 
enbrittling at the grain boundary. Similarly to Si, the 
element P is a strong hardening component and has an 
effect of purifying the ferrite, contributing to the im 
provement of elongation or other properties. In order to 
have these effects, it should be added in an amount of 
0.03—0.1%. 
The element S may be contained in. a range which is 

normally permitted for an impurity element, namely, in 
a range less than 0.02%. An S-content less than 0.02% 
can produce the effect of improving the formability, 
especially the stretch flangeability, and the ductility of 
the weld to a satisfactory degree. 
Now, the basic concept of the method according to 

the present invention is explained with reference to 
FIG. 8. 

In FIG. 8, plotted at @ and @ is a method accord 
ing to the invention, in which a steel slab of a predeter 
mined composition is, after heat treatment at T1, sub 
jected to continuous hot rolling, terminating the hot 
rolling at a temperature higher than the level T2 (corre 
sponding to the point Am). The rolled material is then 
cooled from the ?nishing rolling temperature to a point 
between temperature levels T2 and T3 (corresponding 
to the point An) at a controlled cooling speed C1. 
Thereafter, in I the material is cooled to T4 (take-up 
temperature) at the cooling speed C; a taken up at a 
temperature below T4. In the case of , the material 
is left for a while for air cooling or slow cooling be 
tween the just-mentioned temperature levels T2 and T3 
and then immediately cooled off to the temperature 
level T4 (take-up temperature) at a cooling speed of C2 
and taken up at a temperature below the le el T4. 

In another method which is plotted at 63 of FIG. 
8, a steel slab of a predetermined composition is sub 
jected to continuous hot rolling after a heat treatment at 
the temperature T], terminating the hot rolling at a 
point between the temperature levels T2 and T3. There 
after, the material undergoes the air cooling or slow 
cooling, cooling (at cooling speed C2) and take-up (at 
T4) in th same manner as in the above-mentioned 
method . 

In the method shown in FIG. 8, the controlled cool 
_ in (at C1) to a point between An and Arl in the pattern 

, the controlled cooling (at C1) and the temperature 
and time of the air or slow cooling in the pattern , 
or the ?nishing rolling to a point between Ar;; and r1 
and the temperature or time of the following air or slow 
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8 
cooling in the pattern are important as a prepara 
tory stage for obtaining a desired composite steel struc 
ture. The metallurgical mechanisms which are involved 
in these three manufacturing patterns are as follows. 
The cooling stage from the hot rolling ?nishing tem 

perature t the point in the range from An to Ar; in the 
pattern .is a region where mostly the polygonal 
ferrite phase (a) and the austenite phase (7) coexist, so 
that carbon in solid solution of a-phase is condensed 
into 'y-phase by employing relatively slow cooling in 
that stage, thereby stabilizing the 'y-phase and improv 
ing the ductility through puri?cation of the ot-phase 
which contains less carbon in solid solution. Therefore, 
the average cooling speed C1 which is employed for 
cooling to a temperature range from An to Ar; subse 
quent to the ?nish rolling at the temperature above the 
point An should be 3°-70° C./sec. If the cooling speed 
C1 exceeds 70° C./sec, it becomes dif?cult to obtain an 
amount of the a-phase of a desired structure and to 
control the temperature appropriately. On the contrary, 
with a cooling speed lower than 3° C./sec, there occurs 
ferrite transformation or pearlite transmation, inviting a 
drop in productivity due to the lengthy cooling time. 
Therefore, the cooling speed C1 is preferred to be in the 
range of 3°—30° C./sec. 

Similarly to Pattern (D, the average cooling speed 
C1 from the rolling ?nish temperature to the tempera 
ture range of Ar3 to An in Pattern should be 3°—70° 
C./sec and is particularly desired to be 20°—70° C./sec 
for the following reasons. Namely, although the above 
mentioned metallurgical mechanisms take lace by ef 
fecting relatively slow cooling in Pattern in cooling 
the material from the rolling ?nish temperature to the 
level betwee Ar; and An, air cooling or slow cooling 
in Pattern is effected in the temperature range of 
Arg to An which is in the vicinity of the ferrite transfor 
mation nose, inorder to obtain the mechanisms as men 
tioned above. 

Since the air cooling or slow cooling is effected in the 
vicinity of the ferrite transformation nose, a predeter 
mined amount of ferrite can be obtained in a short time 
period due to the accelerated ferrite transformation, and 
carbon in solid solution of the ferrite phase which has 
transformed during the slow cooling is condensed into 
the austenite phase. As a result, the amount of carbon in 
solid solution of the ferrite phase is reduced, enhancing 
the purity and ductility. Namely, as the above-men 
tioned mechanisms are obtained by the air cooling or 
slow cooling in the temperature range of Arg to An, in 
Pattern , it is desirable to effect the cooling from the 
hot rolling finish temperature to the temperature range 
Ar; to A at as high a speed as possible, in contrast to 
Pattern On the other hand, the austenite phase with 
an increased amount of carbon is stabilized to facilitate 
the formation of the low temperature transformation 
products in the subsequent cooling stage. The time 
period of the air or slow cooling should not be too short 
in order to obtain the desired amount of ferrite nor too 
long to avoid the ferrite transformation in the entire 
steel structure or the pearlite transformation. Further, 
since it is limited by the length of the run-out table, the 
time period of the air cooling or slow cooling should be 
2-20 seconds. 
Now, as shown in Pattern @ , the controlled cool 

ing (C1) is not required when the ?nish rolling is carried 
out in the temperature range of Arg to Ar]. In this in 
stance, the ?nish rolling temperature is preferred to be 
higher than 710° C. Although the air cooling or slow 
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cooling from the ?nish rolling temperature is effe ed 
after termination of the ?nish rolling in Pattern é} , 
the metallurgical mechanisms and the time of ai cool 
ing or slow cooling are the same as in Pattern . 
The oolin at C2 subsequent to the cooling of Pat 

terns 6 to is intended for converting the austen 
ite into a hard ow-temperature transformation product 
and should be effected at an average cooling speed (C2) 
higher than 20° C./sec, preferably in the range of 
30°—70“ C./sec. With a lower cooling speed C2, the 10 
austenite is transformed into pearlite in part or in its 
entirety. On the contrary, a cooling speed higher than 
the above-de?ned range results in a lower strength-duc 
tility balance and a higher yield ratio. 
The reason why a hard phase is formed at such a 15 

relatively low cooling speed C2 is the enhancement of 
stability of the austenite which takes place in the mean 
time, so that the transitional stage from the ?nishing 
rolling temperature to the initiation of the C2 cooling is 
important. Further, the fact that the hard phase is 20 
mainly made of the bainite phase permits the cooling at 
a relatively low speed C2 and contributes to the im 
provement of the strength-ductility balance. 

Thereafter, the steel plate is wound up at a predeter 
mined temperature and this take-up temperature (T 4) 25 
constitutes another important point of the present in 
vention. More particularly, it is desirable to effect the 
cooling to room temperature in order to form martens 
ite, which however in turn brings about various defects 
such as a drop in the strength-ductility balance due to 30 
the existence of carbon in solid solution remaining in the 
course of cooling to the temperature T4 or a rise of the 
yield ratio, coupled with the above-mentioned short 
comings of the ferrite+martensite steel. Therefore, it is 
preferred to wind up at a temperature above 300° C. for 35 
obtaining the desired structure. The upper limit of the 
take-up temperature T4 should be place at 550° C. since 
pearlite transformation takes place at temperatures 
above 550° C. unless the alloy elements are added in 
large quantities. 40 
The hot-rolled steel plate which is obtained by the 

above-described method is of a tripple phase structure 
consisting of polygonal ferrite, bainite (i.e., the carbide 
including bainite and bainitic ferrite) and martensite 

10 
(partly containing retained austenite) and particularly 
has bainite phase areas at a ratio of 4-45% and martens 
ite areas at a ratio of 1—l5%, the area ratio of the bainite 
phase being greater than that of the martensite phase. 
This steel plate is in any of the properties of yield ratio, 
strength-elongation balance, stretch ?angeability and 
resistance weldability. 
The range of the chemical composition of the steel 

plate which is intended by the method of the invention, 
the preferred ranges of the area rates of its bainite and 
martensite phases and the particle size of the martensite 
are same as de?ned hereinbefore. 

Hereafter, the steel structure and its manufacturing 
method of the invention are illustrated more particu 
larly by way of a number of examples. 

EXAMPLE 1 

The materials of the chemical compositions shown in 
Table l were each melted in a vacuum melter, roughly 
rolled into a 30 mm thick slab and then into a 4 mm 
thick plate by 3-pass hot rolling. 
The materials which were cooled to room tempera 

ture by air cooling subsequent to the hot rolling were 
heated to a temperature in the range of 780°-950° C. for 
5-10 minutes and then cooled under different conditions 
to obtain specimens of different structures. 
The results of the microscopic observation and mea 

surement of the resective specimens are shown in Table 
2 along with the results of measurement of the mechani 
cal properties. With regard to the results of measure 
ment, the relations of the tensile strength with the yield 
stress, total elongation and hole expansibility are plotted 
in FIGS. 1 and 2. As stated hereinbefore, the specimen 
Nos. 1 to 7 which have a steel structure according to the 
present invention show excellent properties in the yield 
ratio, strength-elongation balance and stretch flangea 
bility. 

Table 3 shows the properties and the results of fatigue 
test of the specimens which were same as the specimen 
No. 6 in the chemical composition of the starting mate 
rial but formed into different structures by varying the 
heating and cooling conditions. As seen therefrom, the 
steel according to the invention shows an excellent 
property also in the fatigue strength. 

TABLE 1 

Conditions of 
Heat Treatment 

Specimen Chemical Composition (wt %) Heat Cooling 
No. C Si Mn S Other element retention speed Remarks 

. 1 0.07 0.8 1.5 0.004 950° C. X 5 min. 40° C./sec. Invention 
2 0.06 0.8 1.3 0.005 Cr 0.8 950° C. X 5 min. 7' C./sec. 
3 0.06 0.8 1.2 0.004 Ni 0.5, Cr 0.5 950° C. X 5 min. 4° C./sec. 
4 0.05 0.8 1.2 0.005 Ti 0.03, B 0.02 850° C. X 5 min. 10'’ C./sec. 
5 0.06 0.8 1.2 0.005 Nb 0.02, V 0.03, 950° C. X 5 min. 40° C./sec. 

Cr 0.5 
6 0.05 0.8 1.4 0.004 Cr 0.5, REM 0.08 950° C. X 5 min. 8' C./sec. 
7 0.06 0.8 1.3 0.004 Cr 0.5, A1 0.02 950° C. X 5 min. 10° C./sec. 
8 0.07 0.8 1.5 0.004 Cr 0.7, Cu 0.1 790° C. X 5 min. 10° C./sec. Comparative 
9 0.07 0.8 1.5 Cr 0.7, Cu 0.1 950° C. X 5 min. 10'’ C/sec. Examples 
10 0.07 0.2 0.5 0.005 950° C. X 5 min. 60° C./sec. 
11 0.3 0.8 1.5 0.005 950° C. X 5 min. 60° C./see. 
12 0.07 0.8 1.3 0.03 Cr 0.8 950° C. X 5 min. 7° C./sec. 
13 0.06 0.8 1.5 0.005 Cr 0.5 950' C. X 5 min. 100° C./sec. 
14 0.07 0.8 1.5 0.005 Cr 0.8 780° C. X 10 min. 20° C./sec. 
15 0.10 0.4 1.5 0.004 Cr 0.8 780° C. X 10 min. 10‘ C./sec. 
16 0.04 0.10 1.4 0.004 Cr 0.9, A] 0.02 780° C. X 10 min. 10° C./sec. 
17 0.06 0.6 1.5 0.004 Cr 0.8, A1 0.03 950" C. X 10 min. 20° C./sec. 
18 0.05 0.20 1.5 0.005 Cr 0.9 950" C. X 10 min. 20° C./sec. 
19 0.06 1.1 1.5 0.005 Cr 1.5, A1 0.02 950° C. X 10 min. 20° C./sec. 
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TABLE 2 

Microscopic 
Mechanical Properties Structure 

Specimen Y.S. T.S. El. E.P.E. H.E. P.F. M. B. 
No. (kg/mmz) (kg/mmz) (%) (%) Y.R. (%) (%) (%) (%) Remarks 
1 35.4 57.2 29.7 0 0.62 155 68 7 25 Invention 
2 31.0 59.5 28.2 0 0.52 150 52 8 40 
3 28.1 52.1 33.6 0 0.55 155 80 5 l5 
4 33.8 58.2 28.5 0 0.58 155 65 5 30 
5 31.5 58.3 28.7 0 0.54 160 77 8 15 
6 27.2 54.5 33.1 0 0.50 160 73 7 20 
7 28.6 55.0 32.6 0 0.52 155 70 7 23 
8 30.0 64.0 26.5 0 0.47 140 80 13 7 Comparative 
9 41.8 67.5 24.5 0 0.62 145 35 8 57 Examples 
10 21.2 32.7 48.9 3.5 0.65 160 97 (*) 
11 91.0 100.9 11.5 0 0.90 40 0 100 0 
12 31.3 59.1 23.4 0 0.53 50 55 9 36 
13 54.1 72.1 20.4 0 0.75 125 0 5 95 
14 31.2 65.1 27.6 0 0.48 120 82 23 0 
15 39.3 85.7 19.5 0 0.46 115 56 44 O 
16 29.8 57.7 32.5 0 0.52 135 73 27 0 
17 45.2 70.0 21.0 0 0.65 140 40 0 60 
18 42.0 61.4 25.1 0 0.68 150 20 0 80 
19 54.8 85.8 16.5 0 0.64 130 15 0 85 

Y.S.: Yield strength; 
T.S.: Tensile strength; 
EL: Elongation 
E.P.E.: Yield point elongation 
Y.R.: Yield rate 
H.E.: l-lole expansibility 
P.F.: Polygonal ferrite 
M.: Martensite (partly including retained austenite) 
B.: Bainite 
(') Pearlite 3% 

TABLE 3 
Tensile Properties Fatigue Strength 

Specimen Microscopic Structure Y.S. T.S. El. (endurance limit! 
No. RF. (%) M.‘ (%) B. (%) (kg/rnmz) (kg/mm2) (%) Y.R. A* B‘ C‘ D‘ Remarks 

6-1 85 15 0 33.9 65.3 27.6 0.52 32.4 26.3 31.4 26.5 Comparative 
Example 

6-2 72 8 20 35.1 63.8 28.2 0.55 42.2 32.5 35.5 31.3 Invention 
6-3 0 5 95 57.6 67.0 21.0 0.86 43.0 33.6 35.7 32.0 Comparative 

Example 
‘Partly including retained austenite 
A‘: Base Material 
B‘: Base material + 5 mm hole 
C‘: 9% tensile deformation 
D‘: 9% defamation + 5 mm hole 

Nextly, a steel plate was produced from a specimen 45 5 below shows the results of the microscopic observa 
which was obtained by adding 0.1% of Ce to Specimen 
No. 2, hot-rolling, cooling and taking up the specimen 
under the conditions under the conditions shown in 
Table 4. The thus obtained steel plate was subjected to 
a wheel disc forming test of actual scale (n=20). Table 

tion and measurement, along with the results of mea 
surement of mechanical properties and the rate of defec 
tive wheel discs in forming operation. As seen there 
from, the steel according to the present invention is 
extremely low in the rate of defective wheel discs. 

TABLE 4 
Specimen Finishing Rolling Take-up 

No. Temperature Cooling Condition Temperature Remarks 

2-1 830° C. 20° C./sec. -—> 620° C. ~ 60° C./sec. 250° C. Comparative 
Example 

2-2 830° C. 20° C./sec. —> 570° C. —> 60° C./sec. 250° C. Invention 

(Pattern G) 
2-3 830° C. 20° C./sec. —> 600° C. —> 60" C./sec. 450° C. Invention 

(Pattern (D) 
2-4 830' C. 50° C./sec. 500° C. Comparative 

Example 

TABLE 5 
Microscopic Mechanical Properties (blank) 

Specimen m Y.S. T.S. E1. 1-l.E. Rate of defective 
No. RF. M.‘ B. (kg/mmZ) (kg/mmz) (%) Y.R. (%) Wheel Discs (%) 

2-1 77 23 O 35.9 67.8 27.4 0.53 60 30 
2-2 68 8 24 33.0 57.9 26.9 0.57 160 0 
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TABLE 5-continued 

Microscopic Mechanical Properties (blank) 
Specimen structure 1%! Y.S. T.S. El. H.E. Rate of defective 

No. P.F. M.‘ B. (kg/mmz) (kg/mmz) (%) Y.R. (%) Wheel Discs (%) 

2-3 60 6 34 31.3 60.1 26.0 0.52 160 0 
2-4 20 I2 68 42.5 65.4 18.6 0.65 90 5 

‘Partly containing retained austenite. 

EXAMPLE 2 1° TABLE 8 

The materials of the chemical compositions shown in 551:‘ El E P E1 H E 
Table were each melted in a vacuum melter, roughly NO_ mmz) mm2) (%') ‘(%) ' Y'R‘ (1'70; Remarks 
rolled into a 30 mm thick slab and then into a 4 mm 20 331 603 320 0 0 55 160 Invention 
thlck P1ate by 3-1135? hot Yolllng- 15 21 33.9 61.7 30.5 0 0.55 2160 
The materials wh1ch were cooled to room tempera- 22 32.1 61.9 32.1 0 0.52 2160 

ture by air cooling were heated at the temperatures Y_S;yie|d§1rength 
shown in Table 7 for 5 minutes and then cooled under gl- NI‘C'ISHPIYWEW 
different conditions to obtain specimens of different yféiflgyaiéfé'poimelongmion 
structures_ 20 Y.R.: yield ratio ‘ _ 1 

The results of microscopic observation and measure- H‘E" we “Pandmg 1"“ 
ment of the thus obtained specimens are shown in Ta 
bles 7 and 8, along with the results of measurement of EXAMPLE 3 
mechanical properties. As mentioned hereinbefore, the 
steel specimens 20 to 22 according to the present inven 
tion were invariably low in the yield ratio and excellent 
in strength-elongation balance and stretch flangeability. 

In this Example, it is particularly to be noted that the 
components which play a main role in the steel struc 
ture of the invention are Si and Mn. Namely, in a case 
where the Si and Mn components are in the above 
de?ned ranges and the ratio of Si/Mn is greater than 1, 
the yield ratio, strength-elongation balance and hole 
expansibility of the tripple phase steel structure of the 
invention are improved to a considerable degree. The 
reasons for this phenomenon is not known at the present 

25 

30 

35 

The materials of the chemical compositions shown in 
Table 9 were each melted in a vacuum melter and 
roughly rolled into a 30 mm thick slab and then into a 
3.4 mm thick steel plate by 3-pass hot rolling. 

Further, the materials which were cooled to room 
temperature by air cooling were quickly heated to 950° 
C. and, after retaining that temperature for several min 
utes, they were cooled under different conditions to 
obtain specimens of desired structures. 
The conditions of the heat treatment and the results 

of the measurement of the microscopic structures are 
shown in Table 10. 

stage but are considered as follows. TABLE 9 
(l) The amount and length of the sul?de inclusions chemical comgositions 

are increased by the addttlon S1. In view of the large Specimen 
content of Mn, the i'atiO Of Si/Mn iS desired t0 be 40 No. C Si Mn S Other elements Remarks 
greater than 1-0- ’ ’ ' 23 0.05 0.4 1.5 0.005 Cr 0.8 Inven 

(2) The component S1 has a hlgher hardening effect 24 0.04 0.5 1.6 0.003 Cr 0.5 Ce 0.003 tion 
than Mn and lowers the stacking fault energy, delaying Nb 092 
the formation of cells. As a result, the cell size becomes 
?ner to permit higher elongation and reduction. 45 TABLE 10 

(3) The component Si accelerates the condensation of 
C from ferrite to 'y-phase, thereby purifying the ferrite condltwns 0f Heat Treatment 8‘ Structures 
and making a large difference in hardness between the speci- W 
ferrite and the low temperature transformation product "lens . Cwlmg strucwfe ks 
to permit a high elongation. 50 No. Heat retention speed (area ratio) Remar 

23 950° C. X 8 min 7° C./sec 44% B- Invention 
TABLE 6 9% M4: 

chemical comgositions £92,) 24 950“ C. X 8 min 40° C./sec 24% B 
Specimen 8% MJ: 

No. C Si Mn S Other elements B1 Bai?ite 
55 F: Polygonal ferrite 

2-0 0-06 1-3 1-1 0007 M: Martcnsite (partly including retained austenite) 
21 0.06 1.3 1.0 0.006 Nb 0.02, V 0.03, Cr 06 

22 0 0 13 1O 0 004 Cr 0 85 REM 008 A material containing 0.04% of Ce in addition to the 

composition of the specimen No. 23 and a material of 
the same composition as the specimen No. 24 were 

TABLE 7 
Specimen Heat Treatment Conditions Microscopic Structure 

No. Heat retention Cooling speed P.F. (%) M.‘ (%) B. (%) Remarks 

20 880'’ C. X 5 min. 20° C./sec 70 5 25 Invention 
21 950° C. x 5 min. 60a C./sec 70 8 22 
22 " 10° C./sec 6O 7 33 

‘partly including retained austenite 
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prepared by melting the materials on the spot, followed 
by blooming and hot rolling, and cooled and wound up 
under the conditions shown in Table 11. The resulting 

16 

Welding Conditions: 

steel plate specimens were formed into ordinary wheel glargim 2 mm d 
rims of an actual size by ?ush-butt\welding and rolling 5 ugsset l‘nngs'gim 3 is?“ s 
forming. The microscopic structures, mechanical prop- Upset time, N60 Seconds 
erties and wheel rim formability of the respective steel Upset speed: 150 mm/sec 
plates are Shown in Table 12‘, Blank size: 30 mm(w) X 75 mm(l) X 3.2 mm(t) 

TABLE 11 

Manufacturing Conditions 
Finishing Take-up 

Specimen rolling tempera 
No. Chemical Composition temperature Cooling condition ture Remarks 

I 0.04% of Ce added to 840° C. 20° C./s-620' C.—60° C./s ‘250° C. Comparative 
No. 23 of Table 9 Example 

II 0.04% of Ce added to 840° C. 20° C./s-600° C.—60° C./s 450° C. Invention 
No. 23 of Table 9 (Pattern (D) 

III Same as No. 24 of 830° C. 5° C./s-750° C.-60° C./s 450° C. Invention 
Table 9 (Pattern 6)) 

TABLE 12 
Structures & Mechanical Properties 

Rate of 
Mechanical Properties of Blank defective 

Specimen Microscopic Y.S. T.S. El. I-I.E. wheel rims 
No. Structure (kg/mmz) (kg/mmz) (%) (%) (%) Remarks 

I 22% M-F 34.8 65.3 27.2 65 60.0 Comparative 
Example 

II 28% B-6% M-F 31.7 56.8 28.8 160 2.5 Invention 
III 22% B-5% M-F 33.2 58.9 28.2 160 0.5 Invention 

Y.S.: yield strength 
T.S.: tensile strength 
EL: elongation 
H.E.: hole expanding limit 

Further, the results of examination of the hardness 35 
distribution after ?ush-butt welding of these hot-rolled 
steel plates are shown in FIG. 7. It will be seen there 
from that the softening occurs in a considerable degree 
in the heat affected zone of the F+M steel structure 
(Specimen No. I) owing to the decomposition of the 
second phase martensite. 
On the other hand, in the F+B+M steel structure 

according to the present invention (Specimen Nos. II 
and III), the softening is leassened conspicuously and, in 
the presence of NbC, a slight degree of hardening is 
observed in the heat affected zone instead of softening. 
Consequently, there is no possibility of the breakage 
initiating from the heat affected zone in the roll-forming 
stage of the F+B+M steel structure subsequent to the 
?ash-butt welding. This can be con?rmed by reference 
to Table 2 which shows the rate of defective wheel 
rims. 

EXAMPLE 4 

Slabs of 30 mm in thickness were obtained by melting 
in a high frequency vacuum melter the steel materials of 
different compositions as shown in Table 13, followed 
by forgeing and rough rolling. After heating to 1200° 
C., the slabs were ?nished into 3.2 mm thick steel plates 
by 3-pass hot rolling employing a variety of tempera 
tures above the point An and then taken up at different 
temperatures below 600° C. Table 14 shows the condi 
tions of hot rolling of these steel plates along with the 
results of the observation of microscopic structures. In 
Table 15, there are shown the mechanical properties of 
the steel plates of Table 14 and the values of tenacity 
and variations in hardness after ?ash-butt welding 
under the following conditions. 

40 

65 

In Table 15, “Y.P./T.S.” (yield ratio) is used as an 
index for judging the formability and a lower value 
means a higher shape ?xability or workability. On the 
other hand, “YPE” (yield point elongation) indicates 
the presence or absence of wrinkles in those portions 
which are subjected to tensile stress by working, and 
the value of the yield point elongation should be as 
small as possible in order to prevent the wrinkling. 
The term “TSXEl” (strength-elongation balance) 

indicates the balance between the strength and ductility, 
and a higher value of TSXEI means a better balance. 
The hole expansibility (7t) is an index of the stretch 
flangeability and a higher value reflects a better stretch 
?angeability. 
With regard to the ?ash butt welding, the term “vEs” 

(upper shelf energy) and “vTrs” (charpy V-notch tran 
sition temperature) are indexes of the weld tenacity, 
which is better when higher in the value of vEs and 
lower in the value of vTrs. The symbolic expression 
“AHv” indicates the hardness of the weld bounding 
portion-the hardness of the parent material, and “AHv” 
the hardness of the welding heat affected zone-the hard 
ness of the parent material. The value of “AHv” should 
not be too high since otherwise cracking occurs during 
the roll-forming operation due to a drop in ductility. On 
the other hand, a disjoint takes place if the value of 
“AHv” is low 
As seen from Table 15, the steel plates produced by 

the method of the present invention are low in the yield 
ratio with no yield point elongation and have good 
strength-elongation balance. Besides, the are excellent 
in the stretch tlangeability as well as in the tenacity of 
the weld, showing a smaler increase of the hardness of 



4,501,626 
17 18 

the weld bounding portion and a smaller drop in the 
hardness of the weld heat affected zone, thus as a whole 
exhibiting excellent resistance weldability. 

TABLE 13 

Chemical Composition lwt %) 
Kinds of 

steel C Si Mn P S Cr Al Others 

A 0.055 <0.05 1.54 0.011 0.007 1.03 0.031 Ce 0.02 
B 0.065 0.53 1.83 0.015 0.006 <0.02 0.039 Ce 0.02 
C 0.051 0.51 1.48 0.006 0.004 0.53 0.030 Ce 0.02 
D 0.075 0.48 1.45 0.005 0.010 1.10 0.034 Ce 0.02 
E 0.045 0.40 1.51 0.014 0.005 0.43 0.029 Nb 0.029, Ce 0.02 
F 0.070 1.05 0.92 0.015 0.004 1.30 0.033 Ce 0.02 

TABLE 14 
Hot Rolling Conditions & Microscopic Structures 

Hot rolling conditions 
Kind Finishing Cooling Air cool- Take-up Microscopic 

Specimen of Temp. (T 2) speed ing temp. temp. structure 
No. steel (°C.) (‘C/sec) (T3)-time (1'4) (°C.) (%) Remarks 
25 A 850 30 -~ 620 F + P Comparative 
26 B 850 30 -— " " Example 

27 C 850 30 - " " 

28 C 740 30 ~—— " " 

29 D 850 30 ~ " " 

30 E 850 5 -— " " 

31 A 850 30*-60" 760° C. X 155 350 F + 21B + 2M Invention 
32 B 840 30"~60" 740“ C. X 10s 300 F —1- 12B + 2M Pattern 
33 C 850 30*-60“ 770° C. X 10s 300 F + 18B + 2M 
34 D 860 30*—40‘* 730° C. X 155 450 F + 33B + 5M 
35 E 830 30*-60"’ 760° C. X 10s 350 F —l- 27B + 3M 
36 F 730 50“ 730° C. X 125 250 F + 32B + 11M Invention 
37 F 730 50“ " 300 F + 32B + 8M Pattern 
38 F 730 50"‘ " 350 F + 30B —1- 5M 
39 F 730 50“ " 450 F + 38B + 3M 
40 F 730 50“ ” 550 F + 39B + 2M 
4] C 740 50" " Room F + 10M Comparative 

Temp. Example 
F: Polygonal ferrite 
B: Bainite 
P: Pearlite 
M: Martensite (partly including retained austenite) 
‘Primary cooling speed (C1) 
"Secondary cooling speed (C2) 

TABLE 15 
Mechanical Properties 

Blank Welded Portion 

Specimen Y.S. T.S. El. YPE TS X )t vEs vTrs 
No. (kg/mmz) (kg/mmz) (%) (%) YP/l‘ S El (%) (kg-M) (°C.) AHvl' AHvg' Remarks 
25 30.6 40.2 38.0 2.7 0.76 1528 Comparative 
26 34.2 45.1 33.8 3.4 0.76 1524 Example 
27 37.2 48.5 30.9 2.1 0.77 1499 
28 38.3 50.0 28.6 1.8 0.77 1430 
29 40.5 53.2 23.9 1.7 0.76 1271 
30 48.4 59.5 26.0 1.7 0.81 1547 
31 29.2 58.4 27.2 0 0.50 1588 155 2.93 -55 +20 —1 Invention 
32 33.0 54.1 28.3 0 0.61 1531 160 2.95 —55 +25 —2 
33 33.0 53.2 28.4 0 0.62 1510 155 2.89 —60 +20 —3 
34 29.1 59.5 28.6 0 0.49 1702 155 2.92 —55 +15 —2 
35 34.9 59.2 27.4 0 0.59 1622 155 2.87 --65 +20 +10 
36 47.5 70.9 21.7 0 0.67 1539 155 3.04 —50 +10 -10 
37 37.5 65.8 24.7 0 0.57 1625 5160 2.81 —50 +15 —5 
38 34.2 63.4 28.2 0 0.54 1788 2160 2.83 —55 +15 0 
39 34.5 66.3 26.3 0 0.52 1744 5160 2.83 —55 +15 0 
40 32.6 61.5 28.3 0 0.53 1740 5160 2.86 —55 +20 0 
41 32.8 53.7 29.6 0 0.61 1590 120 2.75 ~50 +30 —30 Comparative 

Example 
'Vicker's hardness 
Y.S.: yield strength 
T.S.: tensile Strength 
EL: elongation 
YPE: yield point elongation 
YP/T S: yield ratio 
TS X El: tensile strength X elongation 
A: hole expanding limit 
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EXAMPLE 5 

The steel material of the composition shown in Table 
16 was melted in a high frequency vacuum melter and 
hot-rolled in the same manner as in Example 4, varying 5 
the cooling speed and the take-up temperature to obtain 
intended steel structures. Table 17 below shows the 
conditions of the hot rolling and the results of the obser 
vation of microscopic structures of the hot rolled steel 
plates, while Table 18 shows their mechanical struc- 10 
tures. 

TABLE 16 

Chemical Composition {wt %! 

20 
TABLE l8-continued 

Mechanical Properties 
Spec- Y.S. T.S. 
imen (kg/ (kg/ E1. YP/ TS X A 
No. mmz) mmz) (%) TS El (%) Remarks 
51 30.1 56.9 32.7 0.53 1861 182 Invention 
52 29.0 54.8 32.9 0.53 1803 172 
53 32.0 60.3 31.5 0.53 1899 175 
54 36.3 62.6 28.7 0.58 1796 156 
55 40.1 65.8 25.3 0.61 1698 144 Compara 
56 46.3 71.3 13.2 0.65 1298 120 tive 
57 31.8 43.5 33.3 0.73 1449 155 Example 

Y.S.: yield strength 
T.S.: tensile strength 
El.: elongation 

Kind of 15 YP/T S: yield ratio _ 
Steel C Si Mn P S Cr A] Others TS >< El: tensile strength >< elongation 

A: hole expanding limit 
G 0.10 0.2 1.3 0.008 0.005 0.7 0.025 Ce 0.007 

It will be also obvious from the foregoing results that 

TABLE 17 
Conditions of Hot Rolling & Structures 

Hot Rolling Conditions 
Cooling Take-up 

Specimen Finishing speed Air cooling temp. Microscopic structures 1%! 
No. Temp. (°C.) (°C./sec) temp. (°C.) (°C.) F B M Remarks 

42 840 60 - 350 15.8 81.9 2.3 Comparative 
43 840 60 —- 400 34.0 62.9 3.1 Example 
44 830 60 — 450 45.8 49.9 4.3 
45 830 5'40“ 810 350 61.3 33.8 4.9 Inven 
46 840 9-30“ 810 350 74.5 19.8 5.7 tion 
47 820 4‘~30“ 800 350 80.9 15.3 3.8 Pattern 
48 850 20"-40“ 730 - 350 58.0 39.8 2.2 I 
49 840 SL150“ 700 350 85.2 4.1 10.7 Compara 
50 840 10"‘—1 50" 600 350 85.8 2.3 11.8 tive 

Example 
51 840 5“—30“'l 800 450 85.5 11.5 3.0 Inven 
52 840 9-30“ 800 400 88.0 7.8 4.2 tion 
53 800 4*—60" 700 450 80.2 17.5 2.3 Pattern 
54 840 5“-80" 730 350 71.5 15.7 12.8 I 
55 840 9-150“ 780 350 66.4 16.3 17.3 Compara 
56 840 4"‘—l50" 800 300 54.5 13.6 31.9 tive 
57 840 60 — 600 Ferrite + Pearlite Example 

F: Polygonal l‘errite 
B: Bainite 
M: Martensite (partly including retained austenite) 
‘Primary cooling speed (C1) 
"Secondary cooling speed (CZ) 

TABLE 18 the steel plates produced by the method of the present 
45 invention are low in the yield ratio and conspicuously 

“W Pm em“ improved in strength-elongation balance as well as in 
$pec' Y-S- T-S- stretch flangeability. 
imen (kg/ (kg/ El. YP/ TS X A 
No. mmz) mmz) (%) TS El (%) Remarks EXAMPLE 6 1 

1% 3;‘: 3'3; 2;: gsg‘para‘ 50 The steel specimens of the compositions shown in 
44 4g_4 711 130 Q68 1281 143 Example Table 19 were prepared, employing the conditions of 
45 40.1 64.7 24.7 0.62 1591; 164 Invention heat treatments shown also in Table 19. The micro 
:g :33 g8 g2: 13:’; scopic structures and mechanical properties of the re 
48 46'2 68‘9 21'2 0'67 1461 151 sulting steel plates shown in Table 20. As clear there~ 
49 35.7 63;; 243 Q56 54;; 145 compa,a_ 55 from, the steel plates produced by the method of the 
50 33.4 61.8 29.3 0.54 1842 140 tive invention all show a 150% or higher hole expanding 

Example limit. 

TABLE 19 
Chemical Compositions & Conditions 

of Heat Treatments 

Heat Treatment 
Conditions 

Specimen Chemical Composition (wt %) Cooling 
No. C Si Mn S Others Heat retention speed Remarks 

58 0.06 0.4 1.5 0.004 Cr: 0.8 950° C. X 5 min 5° C./sec Inven 
59 0.06 0.8 1.5 0.004 Cr: 0.8 " " tion 
60 0.04 0.8 1.0 0.005 Ni: 0.4, Cr: 04 " " 
61 0.06 0.8 1.5 0004 C1‘: 0.5, REM: 0.08 " 6" C./scc 
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TABLE l9-continued 

22 

Chemical Compositions & Conditions 
of Heat Treatments 

Heat Treatment 
Conditions 

Specimen Chemical Composition (wt %) Cooling 
No. C Si Mn S Others Heat retention speed Remarks 

62 0.07 0.8 1.3 0.004 Cr: 0.4, A1: 0.03 " 10° C./sec 
63 0.05 0.8 1.5 0.004 Cr: 0.7, Cu: 0.1 800'’ C. X 5 min 10° C./sec 
64 0.07 0.8 1.5 0.004 Cr: 0.8, 780° C. X 10 min 20° C./sec Compara 

tive 
Example 

TABLE 20 
Microscopic Structures & Mechanical Properties 

Mechanical properties 
Speci- Microscopic structure Y.S. T.S. El. 
men No. F B M M.P.S' (kg/mmz) (kg/mml) (%) Y.S./T.S. A (%) Remarks 

58 58 35 7 5 36.7 56.5 29.5 0.65 155 Invention 
59 65 30 5 3.5 33.6 ' 58.0 28.5 0.58 165 
60 85 13 3 2 26.8 51.5 34.0 0.52 175 
61 77 18 5 4 28.6 54.0 33.5 0.53 175 
62 75 20 5 4 28.8 55.3 33.1 0.52 160 
63 87 9 4 6 31.5 60.5 27.5 0.52 150 
64 82 0 23 9 31.2 65.1 27.6 0.48 120 Comparative 

Example 
‘Martensite particle size (it) 
Y.S.: yield strength 
T.S.: tensile strength 
El; elongation 
Y.S./T.S.: yield ratio 
A: hole expanding limit 

What is claimed is: 
1. A high strength steel plate having a low yield ratio 

below 0.7 and improved strength-elongation balance 
and stretch flangeability, said steel plate containing 
0.01-O.2% of C, 03-25% of Mn and 0.01-l.8% of Si 
and having a tripple phase of polygonal ferrite, bainite 
and martensite, the area ratios of said bainite and mar 
tensite phases being 4—45% and 1-15%, respectively, 
and the area ratio of said bainite phase being greater 
than that of martensite phase said martensite having an 
average particle size smaller than 6 microns. 

2. A high strength steel plate as set forth in claim 1, 
wherein the area ratio of said bainite phase is in the 
range of 6-35%. 

3. A high strength steel plate as set forth in claim 1, 
wherein the area ratio of said martensite phase is in the 
range of 1-10%. 

4. A high strength steel plate as set forth in claim 1, 
wherein said steel contains at least one member selected 
from the group consisting of 0.1-1.5% of Cr, 0.1-0.6% 
of Cu, 0.1-1% of Ni and 0.0005-0.0l% of B. 

5. A high strength steel plate as set forth in claim 1, 
wherein said steel contains at least one member selected 
from the group consisting of 0.0l-0.l% of Nb, 
0.02-0.2% of V, 0.0l-0.1% of Ti and 0.02-0.2% of Zr. 

6. A high strength steel plate as set forth in claim 1, 
wherein said steel contains at least one member selected 
from the group consisting of 0.005-0.1% of a rare earth 
metal, 0.0005—0.01% of Ca and 0.0005-0.01% of Mg. 

7. A high strength steel plate as set forth in claim 1, 
wherein said steel contains 0.005-0.06% of Al. 

8. A high strength steel plate as set forth in claim 1, 
wherein said steel contains 0.03-0.1% of P. 

9. A high strength steel plate having a low yield ratio 
below 0.7 and improved strength-elongation balance 
and stretch ?angeability, said steel plate containing 
0.01-0.2% of C, 03-25% of Mn and 0.0l—1.8% of Si 
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and having a triple phase of polygonal ferrite, bainite 
and martensite, the area ratio of said bainite and mar 
tensite phases being 4-45% and l-l5%, respectively, 
and the area ratio of said bainite phase being greater 
than that of said martensite phase said martensite having 
an average particle size smaller than 6 microns, said 
steel plate produced by a method comprising 

(1) subjecting a steel material containing 0.0l-0.2% 
of C, 03-25% of Mn and 0.0l-1.8% of Si to a hot 
rolling-cooling treatment comprising 
(i) hot rolling with a ?nish temperature above point 
An, followed by cooling from said rolling ?nish 
temperature to a temperature range of from Ar; 
to Ari at an average cooling speed of 3°-70° 
C./ sec, 

(2) further cooling the hot-rolled steel plate to a tem 
perature below 550° C. at an average cooling speed 
higher than 20° C./sec; and 

(3) taking up the steel plate. 
10. The high strength steel plate as set forth in claim 

9, wherein said steel plate is taken up at a temperature of 
300°-550° C. 

11. The high strength steel plate as set forth in claim 
9, wherein said average cooling speed from said hot 
rolling ?nish temperature to a temperature in the range 
of Arg to An in (i) of Step (1) is 3°—30° C./sec. 

12. The high strength steel plate as set forth in claim 
9, wherein said average cooling speed in Step (2) is 
30°-70°/sec. 

13. The high strength steel plate as set forth in claim 
9, wherein the area ratio of said bainite phase is 6-35%. 

14. The high strength steel plate as set forth in claim 
9, wherein the area ratio of said martensite phase is in 
the range of l-l0%. 

15. The high strength steel plate as set forth in claim 
9, wherein said steel contains at least one member se 
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lected from the group consisting of 0.01—l.5% of Cr, 
01-06% of Cu, 0.l-1% of Ni and 0.0005—0.0l% of B. 

16. The high strength steel plate as set forth in claim 
9, wherein said steel contains at least one member se 
lected from the group consisting of 001-01 of Nb, 
0.02-0.2% of V, 0.0l-0.l% of Ti and 0.02-0.2 of Zr. 

17. The high strength steel plate as set forth in claim 
9, wherein said steel contains at least one member se 
lected from 0.00l—0.01% of a rare earth metal, 
0.0005—0.1% of Ca and 0.0005—0.0l% of Mg. 

18. The high strength steel plate as set forth in claim 
9, wherein said steel contains 0001-0065 of Al. 

19. The high strength steel plate as set forth in claim 
9, wherein said steel contains 0.03—0.l% of P. 

20. _A high strength steel plate having a low yield 
ratio below 0.7 and improved strength-elongation bal 
ance and stretch-flangeability, said steel plate contain 
ing 0.01—0.2% of C, 0.3-2.5% of Mn and 0.0l—l.8% of 
Si and having a triple phase of polygonal ferrite, bainite 
and martensite, the area ratio of said bainite and mar 
teniste phases being 4—45% and l—l5%, respectively, 
and the area ratio of bainite phase being greater than 
that of said martensite phase, said martensite having an 
average particle size smaller than 6 microns, said steel 
plate produced by a method comprising 

subjecting a steel material containing 0.01—0.2% of C, 
0.3-2.5% of Mn and 0.0l-l.8% of Si to a hot roll 
ing-cooling treatment comprising hot rolling with 
a ?nish temperature above point An, followed by 
cooling from said rolling ?nish temperature to a 
temperature range of from point An to An at an 
average cooling speed of 3°-70° C./sec and then by 
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24 
air cooling or slow cooling for 2-20 seconds from 
said temperature range of An to An, 

further cooling the hot-rolled steel plate to a tempera 
ture below 550° C. at an average cooling speed 
higher than 20° C./sec; and 

taking up the steel plate. 
21. A high strength steel plate having a low yield 

ratio below 0.7 and improved strength-elongation bal 
ance and stretch flangeability, said steel plate containing 
0.01—0.2% of C, 0.3-2.5% of Mn and 0.0l—1.8% of Si 
and having a triple phase of polygonal ferrite, bainite 
and martensite, the area ratio of said bainite and mar 
tensite phases being 4-45% and l—l5%, respectively, 
and the area ratio of said bainite phase being greater 
than that of said martensite phase, said martensite hav 
ing an average particle size smaller than 6 microns, said 
steel plate produced by a method comprising 

subjecting a steel material containing 0.01—0.2% of C, 
03-25% of Mn and 0.01-l.8% of Si to a hot roll 
ing-cooling treatment comprising hot rolling with 
a ?nish temperature in the range from point An to 
An, followed by air cooling or slow cooling 2-20 
seconds from said temperature range; 

further cooling the hot-rolled steel plate to a tempera 
ture below 50° C. at an average cooling speed 
higher than 20° C./sec; and 

taking up the steel plate. 
22. The high strength steel plate as set forth in claim 

20, wherein said average cooling speed from said hot 
rolling ?nish temperature to a temperature in the range 
of Arg to An is 20°—70° C./sec 


